TNF-receptor associated factors (TRAFs) comprise a family of adaptor proteins that act as downstream signal transducers of the TNF receptor superfamily and the Toll/interleukin-1 receptor family. The mammalian TRAFs 2, 5 and 6 are known to activate JNK-and NF-kB signaling pathways, whereas the function of the other three mammalian family members, TRAF 1, 3 and 4 is less well characterized. Vertebrate TRAFs have a very similar structure with the exception of TRAF1: aside the characteristic C-terminal TRAF domain, they share a N-terminal RING ®nger followed by ®ve or, in the case of TRAF4, seven regularly spaced zinc ®ngers. Two TRAF homologues are present in the genome of Drosophila melanogaster, DTRAF1 and DTRAF2 (also known as DTRAF6) and both have been implicated in the Tollreceptor pathways leading to the activation of NF-kB and JNK. DTRAF1 is most closely related to mammalian TRAF4 which is predominantly expressed during nervous system development and in ephitelial progenitor cells. In order to gain insight into possible roles of DTRAF1 during development, we have performed a detailed transcriptional analysis of the gene at various embryonic and larval stages. q
Results and discussion
The two Drosophila TRAFs, DTRAF1 and DTRAF2, were identi®ed by virtue of their similarity to human and murine TRAFs (our own observations; Liu et al., 1999; Kopp et al., 1999; Zapata et al., 2000) . The DTRAF1 gene encodes two proteins of 402 and 487 amino acids that differ in their very N-terminus by the use of alternative ®rst exons (Fig. 1A) . The respective C-terminus (397 amino acids) is identical and comprises seven zinc ®ngers and the TRAF domain (Fig. 1A) . Despite the lack of the aminoterminal ring ®nger, the structure of DTRAF1 resembles most closely that of mammalian TRAF4s. In fact, the identity between the complete amino acid sequences of DTRAF1 and human TRAF4 is the highest found between all known TRAF family members (Fig. 1B) . Identity of 45% over the entire length and of 50% identity within the C-TRAF domain is observed. Thus, DTRAF1 is most likely the Drosophila homologue to vertebrate TRAF4 rather than to TRAF1. The second Drosophila TRAF (DTRAF2, Liu et al., 1999; DTRAF6, Kopp et al., 1999 ) is quite diverged: it contains a ring ®nger and two zinc ®nger motifs and has identity of up to 19% to mammalian TRAFs (Fig. 1B) . In accordance with its role in the transduction of signals from Toll-receptors in the context of innate immunity in Drosophila (Kopp et al., 1999) , DTRAF2 shows a rather low level, uniform expression throughout development (data not shown). Mammalian TRAF4 is involved in signaling by the low af®nity NGF receptor and is expressed in the developing central and peripheral nervous system in the mouse as well as in ephitelial progenitor cells (Krajewska et al., 1998; Masson et al., 1998; Yeh et al., 1999) . Therefore, TRAF4 is unique in its expression during nervous system development compared to other TRAFs. In order to gain further insight into the function of the TRAF4 class of proteins, we performed a detailed expression analysis of DTRAF1 during Drosophila development.
The expression of DTRAF1 during embryogenesis is (Liu et al., 1999; Kopp et al., 1999) . Numbers represent nucleotides. The respective accession numbers of cDNA and genomic sequence are indicated. A scheme of the modular protein structure of DTRAF1 is shown on top and below (for architecture of other TRAFs see also Wajant et al., 1999) . ( Campos-Ortega and Hartenstein (1999) . Abbreviations: as, amnio-serosa; br, brain; dm, dorsal midline cells; dn, dorso-lateral neuro-ectoderm; ec, ectoderm; ey; eye disc precursor; gs, gnathal segments; hf, head furrow; hg, hindgut; hm, head mesoderm; hn, head neuro-ectoderm; hs, hind segment; ma, mesodermal anlage; me, mesectoderm; mg, midgut; ml, midline; ms, mesoderm; nb, neuroblast; ph, pharynx; pm, posterior midgut; pn, peripheral neuroblasts; pr, proctodeum; ps, posterior stripe; sm, somatopleura; sn, stomatogastric nervous system; st, stomodeum; tp, tracheal pits; vc, ventral chord; vf, ventral furrow; vm, visceral mesoderm; vp, vitellophages. highly dynamic and complex. Expression is observed in preblastoderm embryos indicative of a maternal complement which disappears after blastoderm formation ( Fig. 2A) . In these early embryos and throughout gastrulation, expression is most prominent in vitellophages (Figs. 2A±F and 3) . In contrast to the expression of murine TRAF4 (Masson et al., 1998) , DTRAF1 transcripts are not predominant in neural tissues. However, they are detected in neural precursors ± the delaminating neuroblasts of the central, peripheral and stomatogastric nervous system of the embryo (Figs. 2 and  3) . DTRAF transcripts accumulate apically in embryonic neuroblasts already before the actual delamination process but quickly disappear thereafter and are no longer observed in ganglion mother cells or neurons (Figs. 2G±K and 3B ). They are seen in a selection of presumptive sensory organ precursor cells in imaginal discs and a few neurons of the larval thoracic ganglion (Fig. 4A) . The most consistent expression of DTRAF1 is observed in the mesoderm throughout development (Figs. 2 and 4) . Already before invagination, the presumptive mesoderm accumulates DTRAF1 mRNA (Fig. 2C ). Expression can be followed throughout embryogenesis (Fig. 2C±R ) and is also detected in the adepithelial cells of wing imaginal discs (Fig. 4D) , the presumptive imaginal muscle precursors. In contrast to other tissues, where DTRAF1 expression is rather transient, that in the mesoderm persists throughout development except for terminally differentiated cells. In summary, DTRAF1 accumulates in mesodermal cells and neural precursors and is correlated with the onset of morphogenetic and cellular movements. It is largely absent from terminally differentiated cells.
Methods
Care and maintenance of¯ies as well as in situ hybridizations on Drosophila embryos and larval tissues was according to standard methods (Goldstein and Fyrberg, 1994) . Dig-labeled DNA probes were prepared by oligolabeling from the respective cDNAs using the Genius kit (Roche). DTRAF cDNAs were ampli®ed by proof reading PCR from a ®rst strand cDNA pool derived from embryonic Drosophila mRNA (Clontech) and subcloned into pcDNA3.1 (Invitrogen). Primer sequences are available upon request. 
